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Is the sore roceat years the problem ia the design ef 
aircraft landing gear hare demoded mre attention. One of these 
problems has been the optima angle for susp ending # lending gear 
strut in such * Manner as to gain the west benefit fro* the spring 
system incorporated in the landing gear strut. The study of this 
optima angle appear# to warrant further analytical and experi- 
mental work* and* therefore* was chosen as nn appropriate subject 
for this thesis. 
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adTiser* Professor «J • A. Vise* whose suggestions, assistance 
and criticism have been most valuable. Thrnks are also due to 
lieutenant Cemmnder B. V. 'burner for hie able assistance in 
experimental work, and to other* who assisted in the preparation 
of this thesis. 
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Th# trsnd ift modern Aviation i* to-mrds greater weight 
and faster landing velocities. Aa these two factor* increase 
the problem of designing a suitable landing gear* jet one which 
is as light as possible becomes sore difficult. One avenue of 
approach is to suspend the landing gear strut at an angle such 
that the drag force caused, by the initial ispacb does not have 
an adverse effect upon the spring properties of the strut and 
the stresses produced by these drag forces are not greater than 
those stresses which are induced when the landing strut snaps 
back after the spin-up of the wheel. 

Sines very little is known about the optima angle 
for suspending a landing gear stmt, aa Investigation of this 
subject was carried on in the landing Gear Pit at the University 
of Minnesota’s Rosemount Research Center. 

In this Investigation the drag forces, axial strut forces, 
tire deflections, and the relative action between wheel end the 
suspension point of the strut ware measured. The strut and 
wheel of a Bavy S0J type aircraft were used in this teat work. 

This investigation is limited in scops due to the 
following factors : (l) time available for tasting after 

completion of test equipment; (?) low siml ted landing 
velocities due to output of power plant; (3) insufficient data 
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on coefficient of friction of rubber under rolling ispnet 



londn; (4) insufficient (Sotn on sliding friction in oleo of 
strut: (5) inability to Measure * Inking Telocity accurately. 
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A major part of tfao time derated to thin thesis was 
spent In the construction of suitable «wpaip*e*t for drop t rating 
landing gmr stmts on dor si min tod landing conditions. A too 
foot diameter flywheel from * Corliss steam engine was mounted 
on pedestals la a pit located in Building ?17A at ftosemount 
Research Center. The flywheel was drlTen by the use of an 
automobile engine through a reduction gear. Thle arrangement 
1* shown in /ignore 1 below. 
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A greet deal of trouble w- • #ncou»t< r*d in obi/ Iiung the desired 
p riph- r. 1 velocity a t>* flywheel due to friction*! type 
pslleys c>n the redaction r. Tbs ocridi r i velocity of the 
fly h*r*l fibula ted to# round of sr. ircr ft wile ItnJinj. 

A pb tfor* woun tod upon ? pivot • rn «• s i eu for 
■vrryiug e.aai^-tiod " ircr ft weight* nni itu free fr lliag v locity 
wes used to eissuiete ircr- ft sinAia* -vwiocitles. In adjustj tie 
Uniting ar% bmmg froa the pi, tfor* nd into this fitted « linkage 
box through which the lanuing gear -tra-t • - uu. p ,ded. This 
link'^t box coal a be rot?- t-d in too plan# of ai«ul' t-d l»n .Ik., 
direction for to# ir oes® cf > try la to« n. le of inclin lion, 
of toe lending gear strut. The&s perte rw -ho sen a* cabled 
el to strut nu wheel in Figures 2 »-i 3 on the folio- in •• p« £•«,». 

The atr.it tattd ir. tha-e to ts is to st-.it u. rd landing 
pi r strut a.v-i on Rtvy type J9J ircr ft. t -tnl r« '-7 -nch 
? ircr ft heel ini tire *v.re axunied art to* : trial. The .trvt 
we a o-rviced m infl- td - direct -d in £RJ •rloton ace 
aenurl. The strut suspended fro the lin . ; ho? by as* ns 
of stonu rd C&J strut sue.eusion brr ck®t. 

btr in ^ • U 5 « of the C-l type *»r . ount-u .• t. onjosits 
sointa on the front «»u r r of too b>rul*, g r fork to ebt in 
ar . forces. Tie a. to type str- ia - **. >« -ere -ount-i ct 
o osit« points on the inside nd out - .4c o 1 ' t i« iraJLng gw* r 
fork to a..' -•urr. to* •.xi i forces in to# etrat. 
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Tira iaf l action* v«r® obtained by aouating C-l type 
»tnin gauges an a <wu»til®v®r beam. fh® «>nci of the cantilever 
bisaa was displaced by the vertical motion of the bottom of the 
axl®, and since the displacement of th« vxla was due to the 
tire deflection a reading of tire deflection could be obtained 
fro® the cantilever deflection. Cleo deflections were seasured 
by the use of a potentiometer which ve» rotated by a scissors 
attachment between the stationary and movable part of the oleo* 
Kountinga of the above instrument® are shown in. Figure 4 on 
the following peg®, Rending® from the above instruments were 
recorded by th® us® of strain analysers to which Brush 
oscilloscopes were attached for recording ourposes. 

the weighing system was composed of a beam with two 
knife edges, one of which rested on a fixed upright while the 
other rested on an upright which in turn van supported by 
ordinary platform scales, the tire, bearing the simulated 
aircraft weight, was suu^ortod on a third knife edge at a 
point near the middle of the be*a. This lever system is shown 
in Figure 3 also. 
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TESTING PBQOWORF, 



Tfa 9 linkage box and pitot ar.t platform ware calibrated 
first for strut angle inclination and point* of suspension 
fro* pitot arm platform. These calibration point* ware taken 
*o that at each teat angle of the strut tested the aircraft 
wheel vciiltl r«st on top of the large flywheel, These call- 
hr. tions were i»4« with the oleo fully compressed. 

Prior to each day** test work it wee aaeessary to 
balance the strain analyzer* ueed in recording the strclas 
and deflections of the strain <y>us<i* and potentiometer. After 
balancing the strain analyzer* the displacement curves of the 
Brush oscilloscopes were calibr-ted. 

Tae displ cement due to axial force in the landing 
gear fork was calibrated first. This was accomplished by 
taming the stmt to a vertical position, allowing the weight 
of the structure to rest on tire, obtaining this weight from 
the weighing system and noting thn deflection of the Brush 
oscilloscope. It was possible to make this type calibration 
due to the fact that the center line of the aircraft wheel was 
displaced, a small amount from the center line of the landing 
gear fork. This small amount of eccentricity produced a given 
bending moment for each different vertical force acting on 
the aircraft wheel. This vertical force acting on the 
aircraft wheel was the axial force in the lending gear fork. 
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The potentiometer for measuring oleo di*pl< cements 

w5 calibrated at the saa® time. Thi* calibr> tioa was 

% 

accoapliehed by plot tins oloo displacement in laches versus 
Brush oscilloscope displacement in null's* tors. 

The cantilever strain gauge* were calibrated by 
noting the deflection of the Brash oscilloscope in millimeters 
due to a measured tire deflection in inches. 

The drag force straia gauges were calibrated by 
applying a drag force of kuo-nt Magnitude to the strut and 
noting the deflection of the Brush oscilloscope In millimeter*. 

Flywheel revolutions were measured by the us* of a 
strobosco e. The peripheral velocity wan computed in feet »er 
second nod used «s simulated landing velocity. Sinking 
velocities were attained by dropping the landing gear and 
pivot arm fro* a vertical height. These height* were calcu- 
lated for the velocities which would be attained by a freely 
falling body, Dropping was mad* possible by * nick release 
mechanism attached to the pivot nro. 

Saving completed these calculations the strut was 
set at the angle desired for testing. Tests wsre begun by 
bringing the flywheel up to the speed required to simulate 
the desired landing soeed. The aircraft vl.en 1 was raised by 
the pivot arm to the height required to attain the sinking 
velocity desired at ih* tisw of contact between tire end 
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rcvolving flywheel. < ?h* Brush oscilloscopes were turn ad on 
and tha landing gea r dropped oa the turning flywheel. The 
Brash oscilloscopes printed « record of drag fore*, axisl 
force. tiro deflection nnd oleo deflection versus tins* 

Another test at the sac* strut anr Is could be run as soon as 
the pivot arm and aircraft wheel were raised to the height required 
to attain desired sinking velocity. The elapsed time between 
such tests was approxinstely two minutes. 
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The results of thee® tests are shown is figures 54 
through 3GB. Figure 5A ie a plot of the spring characteristic 
of the tire used on the strut during testing, while Figure 53 
is a plot of the spring characteristic exhibited by the oleo 
when under static loads. 

Figure 6 is e calibration curse for the purpose 
of converting the data from the potfcntto seter, «s recorded 
by the Brush recorder, into oleo deflection in inches. 

Test data ns recorded by Brash oscilloscope* is 
shown in Figures 7 through 3!?. In these figures, the hori- 
zontal axis represents tine, each fire eillieetere representing 
four one- hundredths of a second. The top curse in each figure 
represents the drag force perpendicular to the strut and is 
Marked drag. The second curse in each figure represents the 
axial force noting on the strut. Tha third curro in each figure 
represents the tire deflection, and is labeled cantilever, to 
correspond with the nothod used to race sure the tire deflections. 
These curves nay be read directly by using the calibration on 
each figure. The bottom carve la each figure represents the 
compression of the oleo and ic labeled potentiometer. This 
curve east be reed by refereace to Figure G. The sua of the 
two bottom carves gives the displocesnnt of the jsf.ss above the 
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oleo. ^ ro tts- na di~?l*<c ,.ent arc iniicat-a ly L-.« int re- 
section of th© he, vy ier's Lina with the carve. 

Test- with the strut in a vertical coition tnl at 
ten decrees inclin; tlon chow th# dr©t nd axi l forces ani the 
tire ilwplaco eats to b© sfnroriasteiy strai l:t Line vcrLs-Vun 
for e short tine* 

The pres see of friction in the .novin^ p<«rt of the ->l«-o 
is clearly in Alerted in all figurte. This friction 1$ inoiewt^i 
by chut&e in -lop® of ih« pot ntiswaetar curve •aid; in^c—tea 
r» slower r te of Uiaplr ceaect of the oleo *h n the curve fi»U-»Rj 
out. By coapferiut tor carves ionic? ting in . force> with the 
^jotentioe-ter curves ituic. tia~ oleo co^.-r^* ion. It c n be 
seen that toe aasisus cr.< t, forco correinarvi with a deer, to 
in rat© of nlj.pl 4 ce-.ent o ‘ the oleo. Tats xnaic t . th- t tac 
fr Let-on is aae to th t-niin. eosmn t force- o*uje.t by the 
urr.g load©. Jin ers^le of inclirr tion of t-n ejree.i -hows leas 
pronounced friction: 1 effects or. the o.-cr^ixo of th*. oleo t-?n 
go other *sagl-s of suapetisLe© . 

F.i. pares 7 through 14 inuic te qui te clacrly tb- t -rt, 
forces, axial ‘"ore es, end tir« deflect ions ir.er» . * »i th ?n 
iBcress© in si«kinf velocity. 

All of the carves indicate ttai ilia ir-*, ’’crcv, , 1 

forces «d tir<- defluct-cr.o u\©p out cuiV. r .ii-y. The 
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thn optimal an^le of Inclination for minimum axial fore© to 
bo approxiaately tv - nty-four degrees. 

The beading moment* due to the drag forces *>rodueo 
(juit® high stresses in the strut; these a trasses are decreased 
vary little >7 the axial forces oiac© they are aaall; hence* 
the optimum eagle for producing minima drag forces is the 
important angle to consider in design. 

These testa are not conclusive a» to optima angle 
for suspending a landing gear strut. Other tests should be 
conducted la which the landing velocity and gross weight of 
the 6BJ type aircraft are acre ncrrly simulated. Tests should 
also be carried out with the strut suspended at a greater 



number of angles 
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DRAG - 2 mm. - 128# 

AXIAL - 2.5 mm. « 462# 

CANTILEVER - 1 mm. - .325 in. 
POTENTIOMETER - REFER CURVE "A" FIG. 6 




TIRE PRESSURE 24# 

LANDING VELOCITY 52.5 F.P.S. 
DROPPING VELOCITY 2 F.P.S. 
PAPER SPEED 125 mm. /sec. 



DATE: 7/9/49 
STRUT ANGLE 0° 
WEIGHT 1060# 
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CALIBRATION : 

DRAG - 2 mm. = 128# 

AXIAL - 2.5mm. = 462# 

CANTILEVER - 1 ram. “ .325 in. 
POTENTIOMETER - REFER CURVE "A” FIG. 6 




DATE: 7/9/49 TIRE PRESSURE 24# 

STRUT ANGLE 0° LANDING VELOCITY 52.5 F.P.S. 

WEIGHT 1060# DROPPING VELOCITY 3 F.P.S. 

PAPER SPEED 125 mm. /sec. 
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CALIBRATION: 

DRAG - 2 ram. = 128# 

AXIAL - 2.5 ram. = 462# 

CANTILEVER - 1 ram. - .325 in. 

POTENTIOMETER - REFER CURVE "A" FIG. 6 





CANTILEVER 






FIG. 9 



DATE: 7/9/49 
STRUT ANGLE 0° 
WEIGHT 1060# 



TIRE PRESSURE 24# 

LANDING VELOCITY 52.5 F.P.S. 
DROPPING VELOCITY 4 F.P.S. 
PAPER SPEED 125 am./sec. 




CALIBRATION : 

DRAG - 2 mm.= 128# 

AXIAL - 2.5 am.* 462# 

CANTILEVER - 1 mm.- .325 in.- 

POTENTIOMETER - REFER CURVE "A" FIG. 6 




CriAi ' \0. t 




DATE: 7/9/49 
STRUT ANGLE 0° 

WEIGHT 1060# 



TIRE PRESSURE 24# 

LAUDING VELOCITY 52.5 

DROPPING VELOCITY 5 

PAPER SPEED 125 mm. /sec. 



-4 *4 
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CALIBRATION s 



DRAG - 2 .nm. = 220# 

AXIAL - 5 mm* * 930# 

CANTILEVER - 1 nm. * .375 in. 

POTENTIOMETER - REFER CURVE "B" FIG. 6 




TIRE PRESSURE 24# 
LANDING VELOCITY 55 F.P. 
DROPPING VELOCITY 2 F.P. 
PAPER SPEED 125 mm. /sec. 



DATE: 7/10/49 
STRUT ANGLE 10° 
WEIGHT 1060# 



to CO 
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CALIBRATION : 

DRAG - 2 mm. = 220# 

AXIAL - 5 mm. = 930# 

CANTILEVER - 1 mm. = .375 in. 
POTENTIOMETER - REFER CURVE "B" FIG. 6 




FIG. 12 



DATE: 7/10/49 

STRUT ANGLE 10° 
WEIGHT 1060# 



TIRE PRESSURE 24# 

LANDING VELOCITY 55 F.P.S. 
DROPPING VELOCITY 3 F.P.S. 
PAPER SPEED 125 mm ./sec. 
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DRAG - 23E. = 220# 

AXIAL - 5 am. = 930#' 

CANTILEVER - 1 nun. = .375 in. 




DATE: 7/10/49 TIRE PRESSURE 24# 

STRUT ANGLE 10° LANDING VELOCITY 55 F.P.5. 

WEIGHT 1060# DROPPING VELOCITY 4 F.P.3. 

PAPER SPEED 125 mm. /sec. 



J 
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CALIBRATION : 

DRAG - 2 mm. = 220# 

AXIAL - 5 am. s 930# 

CANTILEVER - 1 mm. » .375 in. 




DATE: 7/10/49 
STRUT ANGLE 10° 
WEIGHT 1060# 



TIRE PRESSURE 24# 

LANDING VELOCITY 55 F.P.S. 
DROPPING VELOCITY 5 F.P.S. 
PAPER SPEED 125 mm. /sec. 
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Calibration: 




Date: 7/10/49 

Strut Angle - 24° 

.'/eight - 1060// 

Paper Speed 125 am/sec 



Fig. N T o. 15 

Tire Pressure - 24# 
Landing Velocity - 58 FPS 
Dropping Velocity - 2 FPS. 




Calibration: 

Drar - 1 mm « 22 Off Cantilever - 1 mra = .375" 

Axial - 5 mm = 930# Potentiometer - Refer to Pip. No. 6. 

Curve B 




Pd wv • f j *+ 7 

Strut Angle - 24° Tire Pressure - 24# 

Weight - 1060# Landing Velocity - 58 FPS 

Paper Speed 125 mm/sec Dropping Velocity - 3 FPS. 
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Fig. No. 

Date: 7/10/49 
Strut Angle - 24° 

, /eight - 10 60# 

Brush Speed 125 mm/sec 



17 

Tire Pressure - 24# 
Landing Velocity - 5& FPS 
Dropping Velocity - 4 FPS. 
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Calibration: 

Drag - 1 mm « 220# Cantilever - 1 noa « ,375" 

Axial - 5 mm - 930# Potentiometer - Refer to Fig. 6 

Curve B 




Fig. No. 18 

Date: 7/10/49 
Strut Angle - 24° 

Weight - 1060# 

Brush Speed 125 mm/sec. 



Tire Pressure - 24# 
Landing Velocity - 58 FPS. 
Dropping Velocity - 5 FPS. 



-31- 




drag - 1 mm. - 220 # 

AXIAL - 5 mm. = 93 0# 

CANTILEVER - 1 mm. - .375 in. 




DATE: 7/10/49 TIRE PRESSURE 24# 

STRUT ANGLE 26° LARDING VELOCITY 60 F.P. 

WEIGHT 1060# DROPPING VELOCITY 2 F.P. 

PAPER SPEED 125 mm./sec. 



in cc 



r 




CALIBRATION: 

DRAG - 1 mm. = 220# 

AXIAL - 5 mn. * 930# 

CANTILEVER - 1 mm. * .375 in. 

POTENTIOMETER - REFER CURVE "B" FIG. 6 













CANTILEVER 
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DATE: 7/10/49 
STRUT ANGLE 26° 
WEIGHT 1060# 



TIRE PRESSURE 24# 

LANDING VELOCITY 60 F.P.S. 
DROPPING VELOCITY 4 F.P.S. 
PAPER SPEED 125 mm. /sec. 
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CALIBRATION s 

DRAG - 1 mm. = 220# 

AXIAL - 5 am. = 930 # 

CANTILEVER - 1 mm. = .375 in. 

POTENTIOMETER - REFER CURVE "3" FIG. 6 
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CANTILEVER 
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DATE: 7/10/49 
STRUT ANGLE 26° 
WEIGHT 1060// 



TIRE PRESSURE 24# 

LANDING VELOCITY 60 F.P.S. 
DROPPING VELOCITY 5 F.P.S. 
PAPER SPEED 125 mm. /sec. 




CALIBRATION: 

DRAG - 1 mm. - 220# 

AXIAL - 5 mm. * 930# 

CANTILEVER - 1 am. - .375 in. 

PQTEN TIQMETER - REFER CURVE "B" FIG. 6 






. CANTILEVER 





DATE: 7/10/49 
STRUT ANGLE 28° 
WEIGHT 1060# 



TIRE PRESSURE 24# 
UNDING VELOCITY 59.2 F. 
DROPPING VELOCITY 2 F. 
PAPER SPEED 125 mm./sec. 



a< a. 
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calibration : 

DRAG - 1 mia. ~ 220 # 

AXIAL - 5 mm. - 930 # 

CANTILEVER - 1 mm. =-.375 in. 

POTENTIOMETER - REFER CURVE "B" FIG. 6 



: . CANTILEVER 





POTENTIOMETER 
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DATE: 7/10/49 
STRUT ANGLE 28° 
WEIGHT 1060# 



FIG. 23 



TIRE PRESSURE 24#' 

LANDING VELOCITY 59.2 F.P.S. 
DROPPING VELOCITY 3 F.P.S. 
PAPER SPEED 125 mm. /sec. 




CALIBRATION: 

DRAG - 1 mm. = 220# 

AXIAL - 5 mm. - 930# 

CANTILEVER - 1 mm. = .375 in. 




DATE: 7/10/49 TIRE PRESSURE 24# 

STRUT ANGLE 28° LANDING VELOCITY 59.2 F.P.S. 

WEIGHT 1060# DROPPING VELOCITY 4 F.P.S. 

PAPER SPEED 125 mra./sec. 
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CALIBRATION: 

DRAG - 1 mm. = 220# 

AXIAL - 5 mm. = 930# 

CANTILEVER - 1 mm. = .375 in. 




DATE: 7/10/49 TIRE PRESSURE 24# 

STRUT ANGLE 28° LANDING VELOCITY 59.2 F.P.S. 

WEIGHT 1060# DROPPING VELOCITY 5 F.P.S. 

PAPER SPEED 125 mm./sec. 




CALIBRATION : 

DRAG - 1 mm. = 220# 

AXIAL - 5 nun. - 930# 

CANTILEVER - 1 mm. = .375 in. 




DATE: 7/10/49 
STRUT ANGLE 30° 
WEIGHT 1060# 



TIRE PRESSURE 24# 

LANDING VELOCITY 57.5 F.P.S. 
DROPPING VELOCITY 2 F.P.S. 
PAPER SPEED 125 ram. /sec. 



r 




CALIBRATION: 

BRAG 

AXIAL 

CANTILEVER 



1 ram. = 220 # 

5 ram. = 930# 

1 mm. = .375 in. 




BATE: 7/10/49 

STRUT ANGLE 30° 
WEIGHT 1060# 



TIRE PRESSURE 24# 

LANBING VELOCITY 57.5 F.P.S. 
BROPPIRG VELOCITY 3 F.P.S. 
PAPER SPEEB 125 ram ./sec. 
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CALIBRATION : 
DRAG 
AXIAL 
CANTILEVER 



- 1 mm. = 220# 

- 5 mm. = 930# 

- 1 mm. = .375 in. 




FIG. 28 



DATE: 7/10/49 

STRUT ANGLE 30° 
WEIGHT 1060# 



TIRE PRESSURE 24# 

LANDING VELOCITY 57.5 F.P.S. 
DROPPING VELOCITY 4 F.P.S. 
PAPER SPEED 125 mm. /sec. 
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CALIBRATION : 

DRAG - 1 am. = 220# 

AXIAL - 5 ran. = 930# 

CANTILEVER - 1 mm. = .375 in. 

POTENTIOMETER - REFER CURVE "B" FIG. 6 




DATE: 7/10/49 TIRE PRESSURE 24# 

STRUT ANGLE 30° LANDING VELOCITY 57.5 F.P.S. 

WEIGHT 1060# DROPPING VELOCITY 5 F.P.S. 

PAPER SPEED 125 mm ./sec. 
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COXPAMSiGX OF TV? AlTG TUMjUY 



Aa analytical study of tk<3 dynamic forces ia landing 
gmr of aircraft is developed in the Anpeadisc. A eonparieon 
will l)o nado between the results obtained by test and the 
results obtained by the analytical approach. 

In the emmple proble* developed in the Appendix for 
an angle o? twenty -four de?rr«#a and a sinking Telocity of 
throe feet per second the displacement equation for wheoli or 
ou 1st 

H& 

t 2 - . 0011.1 ?e" 3 * 0U i ,QQirm*~ im ' m9t 

J> 8 -6*lb- r >t( >1763 * ia I 5 #2 35 k „ .1136 cos ld.23St) 
the following 4isplac**e»t« are obtained: 
at t s .03 second 

*«, = .4472 iaeh 

At 

at t « .0? second 

s_ = 2.41 laches 

2 

Fro* test data of JPigare 15» the following displecenents 
are obtained: 

at t - .07 second 
* .75 Inch 
at t s .07 second 

so * 2.P8 inches 

*■» 

The above value* hare be»a evaluated «» true tirs 
deflection. The tost data shows greater tiro deflections 
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shnr tly After impact than is obtained by Analytical Method** 
while after a longer period of time the analytical mothod glees 
Tenter tire deflection than i* Indicated by the teat data. 

This indicates that the spring characteristic ef the tiro is 
not a constant ns iwsd in the analytical method* bat Tariee 
with displacement. 

The theoretical equation for the displacement of 
is: 

t x - -.3534e“ 3,01t - .0001533 # -lS0.($79t 

i e" S * 1 55 k (. 04305 sin 18.235t - .1584 cos 16.235t) 
The following displacements nr© obtained: 
at t = .0? second 
sj • .762 Inch 
at t * .07 second 
= 3.41 iaofces 

for the ease time periods the test data produces the 
displacements below: 

at t - .02 second 
s 1.05 inches 
at t * .07 second 
s 3.95 iseh-s 

The test data shows greater displacements for 
than are calculated analytically, fhi* indicates that the 
spring constant used in the analytical calculation is eery 
small on initial compression »nd that the damping is 
somewhat less than calculated, ftoro enact sprier and 
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danping constants would improve the correlation between 
test «»4 analytical results. 

The nszlaun drag force and tine of anximcust dm# force 
for angle of 0 degree are calculated in an enable prohlea In 
the Appendix. The following result* are obtained! 
t g « .081 See ond 
P x mx = 2140 pound* 

Teat data fro* figure ? produce the following results: 
t # a ,08 second 
P mx s 1550 pound* 

The time at which the suxiaue drag force occurs 1* the 
ease for analytical nad test result*. The calculated earl mm 
drag force is mch larger than the maxima drag force obtained 
from test results. This large variation between theoretical 
and test results any be due to the fact that the coefficient 
of friction was assumed to be constant and P g | was assumed m 
constant. The assumption that the coefficient of friction is 
a constant is erroneous and further investigation should be 
conducted to date rains its value. 

The optima angle of suspension, a* calculated in 
the Appendix, is 23° 31* . whereas teat results indicate the 
optima angle of suspension to be approximately tea degrees. 
This necessitates a revision in the analytical method of 
calculating the optima a a pie of suspension. The analytical 
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reaulta were also confuted fro* tost data* which require* 
further Yerifiee tion. ¥he preceding i*r>rovea«nt ia analytical 
evaluation accompanied with more teat data to definitely 
establish the optima angle will no doubt produce better agree- 
aent between theoretical and test results. 



CQSCJttlOSS 



1. To produce equul ben ling ssosenta during -pin 
u ' «od aoap tec'c of the strut, the ogii-saa anple for eus~ 
pending sn CffJ iy; irer ft strut is cp^rouis, tsiy tea 
degrees. 

2. Minima ssirl forces arc produced by suspending 
the strut at an aaglo of approx, tar tely twenty-four degrees. 

3. Frictional forces Isquair th$ operation of the 
oloo nd warrtnt furthex- inveatig tL-n. 

4. The coefficient of friction of <- lrcr.,>ft tires 
during It a ling lapse t should to invoetig ted aore thoroughly. 

5. Hie lo deflection ciu ri ct ri.utics of a 
rotating « ircr ? ft tire should bo investigated aero t.iorou u hiy . 
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WWOM U# UfMMlC Id 

lAISJldO GUk& uy AXECAAI? 

k. The Spring >iess 3y*tea for handing Genr 
?or the inT^stlgation of the properties of & landing 
as sftown In Figaro Z\t., it my bo considered a* a simplified 
•yste* of two Basse* and two eprlnr aye tea# a* shown in 
Figaro 31B. Kens represent* half of the aass shore the 
land in/; soar, including the airplane and those part* of the 
shock *trat rigidly attached to it. Has* atg include* the 
wheel with tire and the parts of the gear attached to then; 
•g i* srsall compared to »j. *?he shock strut or oleo will 
hare both da*r.i D g and spring characteristics. The tire 
will also exhibit a spring characteristic. 

fkls sy* tea drop* to the ground with a sinking 
Telocity of T g . Hogloating lateral force* and bonding 
no went* acting on the strut, the wertiesl force* and actions 
con be found analytically. Considering no lift acting on 
the airplane these differential equation* of notion are: 

*1 \ i - *3) / - * 2 ) = 0 

*2 z 2 f k ? ^ 2 - k J { - s,>) - c x ( - *.,) = V- 
by letting 
z x s Ae sfc 
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the following «^««tioa is for»«d: 
■* i as' / bs 3 ^ cs ^ 4 * 0 



The solution of this squotioa results la four root*, 
these roots »ey be either real or cosplex. If nil roots r.r« 
real, critical discing bits bean reached and subsidence 
notion occurs. Comlflx roots indicate daatped vibratory 
notion. the equations of notion b«eo««; 

9 As*l fc i / C**3* j. i**4t 

* r i 3 1 e*2 t / cMa 1 / B i e 8 4 t 

<4 

where A X s ^ 

» X » ^-v 
C 1 = >f 3 0 
B 1 = tv) 

Sy loosing four boundary conditions on the above 
equation* of action, the four unknown constants ney be found. 

At tine of i*;j- > ct or t = 0 




s 



• A 



1 > 

2 ) 



which are static deflections 



(Sink in'; velocity of airplane) 

1 <* *e 

thus the equations becosws 
-A :a/^C/S 

-a*- h x* A V l V / V 
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^Sq, * ‘ ->L A v? i ^”*3 A 

1 0 * 1 f ^*2 / f 3 C “3 f f 4 ua 4 

The v riict.L fore* an- to the v rtlcr 1 .ciioi tnen 

beco *e»s 

? *t ~ M k 2 A ^2) 

' at ~ *2^2 A * 2 ( ^ l' t f ••®2 t 
/• )J -$c<* s 2* /- ^ ^ -4 ^) 

4h rn e^A^-ie robiera, cor^-i r the cr.^o cf the strut 
under t««t * t >n n£ie of 24° tea t „iaklnj velocity f 3 f*~-t 
per second. 

®i * 19.16 lb.- c.^ 

L ‘ ft. 

* 3.76 I t 1 » -wtc 4 

* ft. 

The iae^in conut nt !• found ly * *in us* of the 
te&t d t&. The slo « of the *>t ntioaeter cux *ve et tiae t 
ij to find ta* relative % -locity fctte- en £■>_ ««d a«. This 

Is the velocity ft sr. ic 1 bo iatt _,rnt>u rt of th- -trut is 
moving through * viocouj aedlua. The ictiop throi.h the 
viscous ssuilua .ror.acs' do .r^,. Tli* esial force in the 
strut • t tiao t les the aprin. force uae te co> r 6 ‘Vo* of 
the oleo is the force due to •• oir»* . Then the dau.-in- con~t rt 

c = _£ “ 653 lb. c« 

de ft. 

dt 



> ♦> 1 ^ 







































« , ~ 11.250 Ifc/ft (d«f*r*ace i'lcar® 51) 

k = 1,^35 lb/ft (a«f«r#aco Fi^ar* EB) 

c/' = 24 ° 

= e cos 24° 

— 595 1^ . & fC i 
ft. 

k^ 2 k cos 34° 

2 1.535 lb/ft 

kg S 11. 253 1%/ft 

2ft* static deflections fro* equilibria* position at 



% t s 4, : -.512 ft. 

» A * -.034 ft. 

* l 2 ? #<j s 3 ft/ sec. 

t. — V. — 3 ft/**c. 

3 3 0 

The « 4 *.fitioa* of motion are? 

29.15 s x / lsasC^ - * 2 ) / - t 3 ) * 0 

3.76 X / U.250z ? - lSSS^ - * ? ) - StSC^ - i ) = 



By letting 

‘i ■ '■*’* 

*2 = S, ’‘ 

th* following equation is formed! 

s 4 i 173s 3 j* S446* 2 4 61.000* i 157,903 s 0 
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fit* raot* of tht* equation «r«; 

*■ - 3»01 
• 2 s -153.679 

« s -8.155 1 1S.23SI 

3 

* = -3.155 - 15.2351 

"* 

ffa* o^juatloa of wot ion 1j*co*9« 

, x r * e -3.01t f. ,,-U».«79t ^ ,-3. l&>* (c .U.*SMt 

, 2 r aV 3 - 0U i 2 V lfja * 579fc / e -8.lSSt (c l # 15.235U 

/ sV 16 * 2,5u ) 

& = .3534 

B = -.0001533 

C = -.07922 - .021031 

© = -.07922 ^ .031031 

A 1 = .0011379 

i X = .001035 

C l = -.05132 - .066401 

t> 1 s -.05132 ^ .083401 

t x = -. 3534e“ U0U - .0Q0l533«* 1£3 * S79t 

/ «* 9 * 1 *(. 04206 *ln 18.235t - .1534 co* 16.235t) 

* 3 ” .OOU3?«' 3 ' OU ^ .ooioas#- 153 ** 791 

^ «“ 3 ' i ' C,St ( .12*6 *ia 16.335t - .113 co % l-j>.2-~5t) 
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2. The <rag Perce* for tbs Spl e-lfp of the iheels 
At an aircraft wheel touches the ground, a horitontal 
drag force appear*. This drag force accelerates the wheel 
rotation vtp to landtag speed, the ratio between the horizontal 
drag force and the vertical tire load is expressed by 

y< 2 ? x . fliere are several kinds of contact between the tire 
*'zt 

•ad landing surfaea during the acceleration of the wheel. This 

contact varies froa collets sliding at tiwe of iapect to pure 

adhesion at the tine the wheel has accelerated to the landing 

velocity, la this analysis y< will be treated as a constant. 

Assuming a constant radius r. for the wheel since the 

change ia radius is swill during the acceleration period, the 

acceleration equation becomes 

V 3 
* 

or 

M p *t r t 1 v 

Bering the owriod of acceleration is assumed to 
b® a linear function such that 






dt 



2 




where 3 is a. constant 



ywfct r^ « tjt 



Integrating vita respect to t 



V 




-9fr 



*t t - o. 5 • o 

therefore X a 0 

** * * v 5 = !l 

r t 

t - ti*e of alio of tire oa ground 

- xa * t r fc 
r t 2I W 

' ><ar t 2 

fhs eazima drag force occur* at t s t, thus . 

^icaa* ~ ^ *Si 

As so <jaa»)la -srohlea consider the case of t..* strut 
suspended nt art angle of 0°. 

Since til* coefficient of frictloa is not kxtova it ia 
taken a* the ratio of the drag: force ia Figure 7 oser forco 
das to tiro deflection in Figaro 7 at a girea time t. 
t s <04 ooc. 



J * « .6?? 



** lo 



This value of it is not kaoira and Is takes a* the 
ratio of the force due to tiro deflection over tia* fro» 
Figure 7. 



t ~ <04 



8 = 43,000 Ih/soc 



i 
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C A 



I w * 2.1 sluaw-ft* 
- 52.5 ft/sec. 



(3ef«r«nc* B«port 
fS»A-»-48f>3_4S-4 . 
^suslnftBriEij laboratory 
Air Mb fcarial Ooxarnd) 



r. * 1.12 ft. 

V 

*, = Y£Ua .. x. j&jl 

^ .63 x 42.000 x (1.12) 3 

s .081 s««Md 

ffa* ms tivxtn 4r*§ fore* occur* vh«a slipping stops. 




S3 x .81 ic 42.00G 



= 2140 IV 
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C. Optima A»&i* of So* eastern 

In order to calculate the optiaaa angle of suspsasio* 
it is necessary to takas into coasldemtlnn the on*p back of the 
strut after the initial Impact has taken place. This snap 
hack force Is An* to the inertia force of the vheel aass acting 
upon the strut. vhlch acts as a cantilever spring. Tho 
diff eront ial equation of notion during impact is 
*2* 4 cx 2 P x 

P = M'KX 

X 

«.*x / cx “ J* *t 

Ths solution of this squat ion Is 
x - A sin ^ t ^ S cos ^ t / 

c 

at t * 0. t * 0, i = 0 

.M*o 

a * - £A 

6) Q 

then x - - 8 (j^ sin ^ t - t) 

c 

a*l i = ^ U _ co , ux) 
c 

If the drag force suddenly disappears at t - t g , the 
equation of tne second period is 
n^x 4 ex - 0 

The solution of this differaatisl equation is! 
x-AsinhJt/* cos 
at t * t 

* 
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: ~ X <^ 4 *) 

* S x t g = . cot ^ t m ) 

If a asw time ordiaats t* ! t - t, instead of t, 

»H' : 0 

t- - jl *ia GJt+) 

C a cD 

" ~-Kl - collet i 
s' 

?Ii* elastic forcd is: 

cx = c(A sin oj t* / E eo* t*) 

to obtain too "best *a.cl« of inclination th* following 
force equation results: 

T 3t * siacT • cx)^ -tin cf s P x cos cf 
from which? 

tan cf a ....**.* s —„. ^ 

(1 i <&.)?* (I / J 22 > 
p * ** 

This aethed will now t* u»®d to calculate the optima 
tvngla of suspension. fJse will be wide of e-'perincotwl data 
collected frots tost* on th« strut at tero itngls of inclination. 

th« period of vib ration of the cantilever sprin*; syatoa 
is taken at .15 seconds froai figure ? of experts ntal data. 
i * . 1 °t sec. 

* ZlL - 41 . ■» rad/s *c. 
t 8 = .03 sec. (tl^a of consists rolling) 
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cj% r * 19 a 0 

.S3 

a = 42,000 
* 26,400 

y*ia«? this data the followiafc ceastaat* are 
aalculatedJ 

A = U50 

c 

3 = 2210 

c 

the ala* tic force i»: 

ex ~ 1260 sia^t* / 2210 c»* ojt* 

This elastic fere* it a mximm at 
t* Z .0 26? «ftC. 

( ex) « 2360 

The Torttcal fore* occurieg at thl* tl*« 1* 
P gt ** z U* = 5250 
taa cf = »63 

1 -3222 

5250 

The ootims aas:l* hece»e»t 
S- 23® - 31‘ 
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B. Sotfttioa 



3 ^ s Blsplac«ttmt of »j ia i - direction 

* s - M©plsc®aeat of », ia * - direction 

s Ha If of airplsa© a©*© vtthoat mate* of ttM 
sod th« attached part* 

Z Ha*««« of the wheel and too attached part* 
k s Ole© *prlng constant 
c 3 Oleo dashing cons teat . 
kj s Oleo spring constant la s - direction 
3 Ql©o rprinr constant in x - direction 
£« * Tire soring coaetaat 

©^ s 0l»o dating con*tant in * - direction 

c^ 3 Olec da* ing coaetant la x - direction 

P x 3 yorce perpendicular to oleo axl*# operating 
la the center of the wheel 
P t * *>->rln.f force of the tir© 

3 Sinking Telocity 
s Telocity 

t = fin© 

r, s Sadias of tir© 
t 

I 3 doaent of inertia of wheel with regard to 



the canter 
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z Coefficient of friction 
<f z lop* &n<qle of the ohock * tnit i* cooparitoa 
to the nerpondlcolar of ths ground 
9 « Wheel - «pia anqlo 

* Sending frequency of the onntilerer strut 
aausohly 
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The Actual hands On Airplane landing Gear, by S. £. Shi skin, 
T.h. o. 821. S.4.C.A., 1937. 

The Shock-Absorbing System of tan Airplane landing Geer, 
by F. Sallarlo, T.ri. wo. 9 33, H.A.C.A., 1940. 
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